Recent mooring-based observations at several locations along the continental slope of the Arctic Ocean's Eurasian Basin showed a transformation of the Boundary Current (BC) from a mostly barotropic flow in Fram Strait to a jet-like baroclinic current northeast of Svalbard, and the reemergence of the barotropic structure of the flow in the eastern Eurasian Basin. This transformation is accompanied by a weakening of the flow from w24 cm/s in Fram Strait to w5 cm/s at the Lomonosov Ridge. The maximum of the baroclinic component of the BC at an intermediate depth (w200e370 m) is associated with the Atlantic Water core. The depth range of the baroclinic current maximum is controlled by cross-slope density gradients above and below the baroclinic velocity maximum as follows from the geostrophic balance of forces. According to the model simulations, the BC splits into shallow and deep branches in the proximity of Svalbard due to a divergence of isobaths, confirming topographically-controlled BC behavior. The shallow branch is located at a shelf break with a typical bottom depth of w200 m and current speed of up to w24 cm/s. The discussed results, which provide insight on some basic aspects of the dynamics of the BC (the major oceanic heat source for the Arctic Ocean), may be of importance for understanding of the ocean's role in shaping the arctic climate system state.
Introduction
The inflow of intermediate depth (150e800 m) water of Atlantic origin (the so-called Atlantic Water, AW) propagating along the continental slope as a Boundary Current (BC) is the major oceanic heat source for the Arctic Ocean (Aagaard and Greisman, 1975) . AW enters the Arctic Ocean through Fram Strait and the Barents Sea (Nansen, 1902; Rudels, 1987; Blindheim, 1989; Rudels et al., 1994) . Both AW branches converge over the continental slope north of the Kara Sea and jointly propagate further, traveling in a cyclonic flow along the deep Arctic Ocean Basins (Aagaard, 1989; Rudels et al., 1994 Rudels et al., , 2000 Jones, 2001) . The rate of mixing between these two AW branches, however, is still under debate (Rudels, 2012) . Recent studies using both observations (Schauer et al., 2002; Rudels, 2012) and modeling (e.g. Aksenov et al., 2011) suggest that the Barents Sea branch of the AW propagates in the EB interior as a separate filament, located above the upper continental slope. Conversely, the Fram Strait branch typically propagates above the lower continental slope, where the bottom depth is deeper than 1800 m (Schauer et al., 2002 ).
An earlier attempt to reconstruct the circulation of the AW in the Polar Basin by Timofeev (1960) using water temperature observations suggested a broad AW spread in a generally cyclonic direction. The cyclonic pattern of AW circulation was confirmed later by Coachman and Barnes (1963) , Nikitin (1969) , Rudels et al. (1994), and McLaughlin et al. (1996) . Aagaard's (1989) analysis of summer 1980 records derived from two moorings deployed at the continental slope of the Barents Sea revealed a strong current enveloping the continental slope (i.e. increasing with depth, with a maximum of 15 cm/s at the bottom). Synthesizing all measurements that were available at the time, Aagaard concluded that large-scale transport of AW in the Arctic Ocean occurs as a narrow BC along the basins' margins. The propagation of AW along the continental slope as a topographicallycontrolled, narrow boundary flow is confirmed by recent observations (e.g. Rudels et al., 1994; McLaughlin et al., 1996; Woodgate et al., 2001; Dmitrenko et al., 2008 Dmitrenko et al., , 2009 Dmitrenko et al., , 2012 Ivanov et al., 2009; Rudels, 2012) and numerical models (e.g. Gerdes et al., 2003; Karcher et al., 2003; Maslowski et al., 2004; Hunke and Holland, 2007; Zhang and Steele, 2007; Aksenov et al., 2010 Aksenov et al., , 2011 Karcher et al., 2012) . However, there are large discrepancies in how the models simulate the intensity, pathways, and even direction of AW circulation (for discussion, see Karcher et al., 2007) .
Modern observations have added important details that document the structure of the BC. They suggested that the AW entering the Arctic Ocean through Fram Strait as the West Spitsbergen Current (WSC) has a primary barotropic vertical structure (Fahrbach et al., 2001; Schauer et al., 2004 ). Contrary to these findings, Walczowski et al. (2005) , using geostrophic balance considerations, pointed out that the baroclinic and barotropic velocity components of the WSC may be comparable. Mooring observations only w500 km downstream from Fram Strait at the northeast slope of Svalbard revealed the maximum currents at an intermediate depth of w300e400 m (Ivanov et al., 2009, Fig. 1b) , which is typical for baroclinic currents. At the same time, the BC in the proximity of the Lomonosov Ridge was found to be primarily barotropic (Woodgate et al., 2001, Fig. 1e ). In the Canadian Basin the shelfbreak circulation also demonstrates the presence of a narrow (w20 km) eastward current transporting the AW in the Alaskan Beaufort Sea at depths deeper than 150 m (Pickart, 2004; Nikolopoulos et al., 2009 ).
An insight on the mechanisms governing the circulation in the Eurasian Basin of the Arctic Ocean is provided using a theory of buoyant geostrophic flow over a sloping topography. Combining numerical experiments with theoretical considerations Walin et al. (2004) analyzed behavior of the BC, when it loses buoyancy propagating toward the interior of the Arctic Ocean from the Nordic Seas. The authors found that conservation of potential vorticity over a sloping topography results in the formation of strong topographically-controlled BC with barotropic crossshelf transport due to along-slope variations in bottom density. In their numerical experiment initially baroclinic flow is transformed to the deep baroclinic and shallow barotropic branches, while the BC propagates along the idealized continental slope. Similar approach based on depth-integrated vorticity equation over a closed depth contour was used by Nøst and Isachsen (2003) , who examined an impact of wind stress divergence in the surface Ekman layer on the large-scale circulation in the Nordic Seas and the Arctic Ocean. They found that the bottom geostrophic flow is mainly driven by the surface Ekman pumping in the upper ocean layer. Schlichtholz (2007) , investigating dynamics of the East Greenland Current in Fram Strait, supported Walin et al. (2004) conclusion about an importance of the bottom density gradient to the geostrophic circulation. The author combined oceanographic data analysis with theoretical consideration of the depth-integrated vorticity equation and found that downstream bottom density increase of 0.01 kg/m 3 is responsible for bottom geostrophic velocity increase of w3 cm/s. Aaboe and Nøst (2008) using linear diagnostic model and climatological temperature and salinity as a forcing reproduced the large-scale circulation of the BC in the Nordic Seas and the Arctic Ocean. The model is based on the vorticity balance equation integrated within the areas bounded by enclosed depth contours. Special attention in this study is given to the role of decreasing along-isobath bottom density, which changes lead to decrease of barotropic transport and to increase of baroclinic transport associated with the BC. The authors found good agreement between velocity observations and simulated currents and concluded that the along-slope bottom density is important for the slope-basin water exchange in the polar basins.
One of the assumptions used in the models by Walin et al. (2004) , Aaboe and Nøst (2008) , and Aaboe et al. (2009) is that the geostrophic bottom flow always follows the depth contours which assumes zero vertical velocity within the entire water column. We note, that this simplified approach is valid for some specific tasks, however for many practical applications it is oversimplified. For example, it is not consistent with generally isopycnal propagation of the BC in the Eurasian Basin of the Arctic Ocean, which requires vertical slope of the BC. This approach neglects near-bottom cross-slope exchanges, which are important for the ventilation of intermediate and deep layers of the Arctic Ocean (Rudels, 1986; Jones et al., 1995; Ivanov and Golovin, 2007) .
Uncertainties and gaps remain in our knowledge of the structure and intensity of the BC. What are the roles of barotropic and baroclinic factors in shaping the BC? Does the vertical structure of the BC remain The solid arrows show the mean current speed, derived by time average of mooring-based velocity measurements. Standard errors of the mean current are undistinguished from zero at these scales of axes. The dashed arrows in (a) and (e) were obtained as a linear vertical interpolation between available measurements at upper and lower depth levels. Circulation of the AW is schematically shown by red arrows. Bottom topography is shown by color; black rectangle represents the area of strong divergence of isobaths north of Svalbard.
invariable along the AW pathway? What mechanisms maintain it? Available observations are still too scarce and the existing publications based on modeling experiments were not specifically focused on the structure of the BC in the Eurasian Basin, so they do not clarify the vertical structure of the AW flow beyond existing observations. With these questions in mind, the primary objectives of this study are to analyze BC transformation along the Eurasian Basin slope from Fram Strait to the Lomonosov Ridge, and to understand the mechanisms that govern its transformation using direct mooring observations and results of numerical modeling. In order to achieve these objectives, we have analyzed the existing current observations in the Eurasian Basin (Fig. 1) , which are described in detail in Section 2. This same section provides the numerical experiment design performed to gain insight into the physical mechanisms responsible for BC structure maintenance and its along-slope transformation. Section 3, which complements our observation-based analysis, further presents results of the numerical simulations and describes the structure of the BC. Section 4 concludes the study with discussion.
Data and model description

Observational data
In this study we used mooring-based observations of currents at six key locations along the pathway of Fram Strait branch of the AW in the Eurasian Basin of the Arctic Ocean (Fig. 1) . The location of moorings deployed in proximity to the AW core (defined by its maximum temperature during the time of deployment) allowed us to trace changes of the BC structure from the AW entrance through Fram Strait to the easternmost location of the Eurasian Basin. Additional Lowered Acoustic Doppler Current Profiler (LADCP) observations at several oceanographic stations over the Laptev Sea slope have been included in our analysis to examine the horizontal pattern of the BC.
Averaged multi-year (2002e2006) current-meter measurements from long-term moorings along a 78 50 0 N section were used in order to examine the structure of the AW inflow in Fram Strait (Schauer et al., 2008 (Fig. 1a) . We provide the estimates of standard error (SE) of the mean current as the measures of confidence intervals of averaging, so that the only velocity differences that exceed the SE may be considered as statistically robust. The SE for every level of observations was estimated as, where is standard deviation of current speed at the and N is number of observations; the standard error does not exceed 0.8 cm/s for any levels at the F1 and F4 moorings (A. Beszczynska-Möller, pers. communication) .
Current observations from the mooring deployed in autumn 2004 at 1010 m in a position near the AW flow core were used to examine the BC structure northeast of Svalbard (81 30 0 N, 31 00 0 E, w1010 m water depth). The mooring was equipped with five conductivityetemperatureedepth (CTD) recorders and three RCM-9s (for details see Ivanov et al., 2009) . Current velocity was registered once each hour. The mooring was recovered in autumn 2006. The length of the current record at three depths (69, 216, and 993 m) was approximately one year with approximately 9400 observations at each sampling level. Time series from the mooring were averaged over the period of observations, thus providing year-long means for each instrument (Fig. 1b) . Measurements at this mooring showed relatively low variability of current speed and direction, indicating a lack of intensive meandering and eddy formation . The SE of the mean current does not exceed 0.1 cm/s at all three depth levels of observations. Current observations over the Franz-Joseph Land continental slope were used to examine transformation of the BC during its eastward propagation from Svalbard toward the EB interior along the continental slope. The M11 mooring (83 04 0 N; 59 48 0 E, w2880 m total depth; Fig. 1 ) was deployed at the AW core, as it was determined by the accompanying CTD survey in August 2009. This mooring was recovered in September 2011, providing a w20 month-long series of current observations. The mooring was equipped with a McLane Moored Profiler (MMP), which measured temperature, conductivity, pressure, and current speed and direction. The MMP produced profiles once each day with high (w0.12 m) vertical resolution of sampling within a 280e1090 m layer. Mooring time series at each level were averaged over 2-m depth cells and then over the entire period of observations; these means are shown in Fig. 1c . The SE of the mean current estimates at this mooring does not exceed 0.3 cm/s for all levels of observations.
The detailed vertical structure of the AW flow from September 2004 through February 2005 was obtained over the Laptev Sea slope at mooring M1 which was deployed at a total water depth of w2690 m in proximity to the AW core determined with CTD section at 78 26 0 N and 125 37 0 E. The MMP raw current measurements spanning the 80e900 m layer were averaged within 2 m depth cells providing observations at 411 levels. The total of 160 observations with daily resolution was used for time averaging at each level (Fig. 1d) . The SE of the mean current estimates does not exceed 0.3 cm/s for the 80-150 m layer and 0.2 cm/s for the layer below.
The year-long (1995e1996) current observations described by Woodgate et al. (2001) at the moored station LM1 located in proximity to the AW core (i.e., maximum temperature on the hydrographic transect during the mooring deployment), near the Lomonosov Ridge (78 31 0 N and 133 58 0 E), were also used in this study. Four RCM instruments were deployed at 106, 326, 761, and 1161 m. The mooring was also equipped with three CTD recorders located near the first two RCMs and in the bottom layer. Mean current measurements from these instruments averaged over the entire length of the annual records were reported by Woodgate et al. (2001; see their Table 1 ) and were used for our analysis (Fig. 1e) . The SEs for the estimates of the annual mean current vary from w0.4 cm/s at the two upper (106 and 326 m) levels to w0.2 cm/s at 1161 m (R. Woodgate, pers. communication) .
ADCP and RCM current observations from a mooring deployed at 79 55 0 N; 142 21 0 E, (M3 mooring; w1347 m total depth; Fig. 1 ), which is separated by w230 km from the LM1 mooring, were used to extend our analysis with modern observations in the easternmost part of the EB. The M3 mooring was deployed in 2005 and recovered one year later, in September 2006. The available ADCP record spans the water layer between 75 and 155 m depth, with four-meter vertical resolution and a twice per hour time interval of current velocity registration. Two RCM instruments, deployed at 280 and 850 m depths, complement ADCP observations and provide measurements of current speed within the AW layer. ADCP and RCM time series were averaged over the entire period of observations (i.e. 2005e2006; Fig. 1f ). The SE of the mean current at this mooring does not exceed 0.2 cm/s for the ADCP and 0.1 cm/s for the RCM instruments.
In order to examine cross-slope structure of the BC and to extend the mooring-based observational analysis we used LADCP data collected along a 125 E section over the Laptev Sea slope in September 2005. The shallowest station of the section was located at 77 44 0 N, 125 59 0 E, the deepest station was at 77 57 0 N, 126 03 0 E, and one of the stations coincided with the M1 mooring location (Fig. 2, top) . Raw LADCP data were processed using Lamont-Doherty Earth Observatory (LDEO) software, which is available from ftp:// ftp.ldeo.columbia.edu/pub/LADCP. Vertical resolution of the processed LADCP current profiles is 10 m, spanning the water column from the surface to the near-bottom layer. Because of low data quality due to the large dispersion of bottom tracking measurements (which is necessary to derive current speed) only the shear, or baroclinic (Thurnherr, 2008) , component of the current was used in this study. According to the manufacturer's description, the accuracies of raw current measurements with a 300-kHz LADCP are 0.5% of reading for magnitude and 2 for current direction. The maximal errors of the derived velocity profiles determined with LDEO software do not exceed 2.8 cm/s in the surface layer and decrease linearly to 2.0 cm/s at 1000 m depth. We note that the LADCP observations are quasi-synoptical observations, in which mean current structure is "contaminated" by small-scale processes such as barotropic and baroclinic tides, internal waves, and mesoscale eddies. Therefore, special care should be exercised when interpreting these data. In our study, we have used them to illustrate the existence of a good match with the location of the AW core, as defined by either temperature or current speed across the continental slope. The LADCP observations were accompanied by a CTD survey, providing information about temperature and salinity distribution across the continental slope. We used the latter to define the position of the AW core in this particular year along the Laptev Sea slope. We also include in our analysis CTD observations from two cross-slope sections through moorings M4 and M1, collected in 2006, in order to illustrate agreement between mooring-based current observations and geostrophic velocities derived using temperature and salinity measurements. Instrumental accuracies of individual temperature and salinity measurement are 0.002 C and 0.001 psu, respectively.
Model description
To examine the mechanisms of along-slope AW transformation in the Eurasian Basin we used a numerical model based on the Regional Oceanic Modeling System, described by, e.g., Shchepetkin and McWilliams (2005) . This model is a 3D, non-linear, primitive-equation, Boussinesq, hydrostatic, freesurface ocean model in an s-coordinate system. A turbulent closure we applied is the non-stationary generic length-scale turbulence model proposed by Umlauf and Burchard (2003) . This model was formulated for the variables of turbulent kinetic energy (k) and speed of viscous dissipation (e), similar to the kee model of Rodi (1987) . The horizontal mixing is defined by a Laplace operator and is prescribed along the s-coordinate for velocity components, temperature, and salinity. The coefficients of turbulent horizontal viscosity and diffusivity were taken as 30 m 2 /s and 10 m 2 /s, respectively. The model uses splitting to barotropic and baroclinic modes and a fourth-order, centered scheme for horizontal advection of tracers and momentum. The finite-difference approximation in space is constructed using a Cartesian equally-spaced C-grid.
The model domain spans the area of the Eurasian Basin slope with horizontal resolution of 3.3 km and 28 s-coordinate levels. The length of the model domain is 1650 km in the along-slope (X-axis) direction, and 247 km in the cross-slope (Y-axis) direction. Bottom topography is idealized and varies cross-slope only; however, it reflects the major features of depth distribution along the Eurasian Basin slope (Fig. 3) . For example, the mean gradient of the modeled Eurasian Basin slope is chosen to be close to the observed one. The southwestern corner of the domain includes an island representing Svalbard.
The model is forced by barotropic inflow imitating the observed inflow of the AW into the Eurasian Basin through Fram Strait (Schauer et al., , 2008 . The radiation condition proposed by Orlanski (1976) was implemented at all lateral open boundaries for the barotropic and baroclinic components of current, temperature, and salinity. For the barotropic component of current at the western flank of the domain where AW inflow occurs we introduced the additional routine of nudging (restoring) toward an a-priori defined cross-slope distribution of barotropic velocity, on a timescale of 30 days. Combining these two conditions allows us to merge the property of the radiation condition to eliminate outgoing high-frequency gravitational waves and the property of the nudging condition to preserve the general observed structure of AW inflow. Distribution of the depth-averaged velocity component used for nudging was taken from the mooring observations in Fram Strait, averaged over the 2002e2006 period (Schauer et al., 2008, Fig. 3) . A velocity maximum of 25 cm/s associated with the AW core is located in the shallow area close to Svalbard. Replicating observations, the current speed decreases linearly to 2 cm/s from the core toward the deep ocean and remains constant starting at the 50th node (w165 km). The sponge boundary layers were introduced at eastern, northern, and southern borders as lateral boundary conditions for momentum to absorb the inertial waves propagating toward the boundary (Chen and Beardsley, 1995; Holloway, 1996) . The eastern boundary layer was w33 km wide and the southern and northern boundaries were w13 km wide, with horizontal viscosity coefficients of 300 m 2 /s. The thicker sponge layer for the eastern boundary was used due to more intensive generation of inertial waves over the area with varied bottom topography relative to the southern and northern boundaries with constant depths.
Climatology data describing Arctic Ocean temperature and salinity from the Environmental Working Group (EWG) (Environmental Working Group, 1997) were used in order to prescribe initial conditions for temperature and salinity in numerical experiments and for further evaluation of numerical simulation results. Zero heat, salt, and momentum fluxes were applied as surface boundary conditions. A free kinematic condition was implemented at the surface model boundary for simulated vertical velocity. For the bottom layer, we used quadratic-law momentum stress for current, and zero fluxes for temperature and salinity.
Two sets of numerical experiments were performed in this study. The goal of the first 250-day-long barotropic experiment was to investigate the role of barotropic factors in forming the along-slope current in the Eurasian Basin. In this experiment model temperature and salinity for the entire model domain were set to zero. Mean total energy was used to identify the duration of the experiment. For example, change of the total energy over the last 30 days in the barotropic experiment was less than 1%, attesting that the model had approached an equilibrium state.
The second baroclinic experiment was carried out in order to examine impacts of density on BC structure. We also examined the role of the along-slope density gradient in shaping cross-isobath water transport, providing insight on the mechanisms governing shelfeocean exchange in the EB. Replicating the barotropic experiment, the vertical structure of the AW inflow at the western flank of the model domain was defined as barotropic inflow. For this experiment the initial temperature and salinity were prescribed using the Arctic Ocean winter climatology (Environmental Working Group, 1997). The initial temperature and salinity within the model interior were linearly interpolated between EWG temperature and salinity at two cross-isobath sections, at the eastern and western flanks of the model domain. Whereas the initial temperature and salinity provided by the EWG dataset may not agree well with the simulated current pattern, due to use of the idealized model topography, we carried out model adjustment for these fields. For this, simulated temperature and salinity were allowed to evaluate freely during a short-period (w25 days) prognostic run where no restoring or any other temperature and salinity corrections were used. In order to reduce further strong drift of temperature and salinity during model spin-up a 375-day-long integration with fixed temperature and salinity taken from the model-adjusted climatology was carried out. This integration time is rather long compared with the time necessary for establishing a steady-state geostrophic current; this length of time was necessary due to strong velocity variations close to the western border of the model domain. Increased variability at this border is caused by slow adjustment of the current velocities forced with the relaxation term in the boundary condition.
After the model spin-up was done the temperature and salinity were simulated using restoring correction for 150 days of model integration. Restoring of the simulated T, S-profiles toward the model adjusted climatology was required in order to account for realistic external forcing, the effects of which would not otherwise be included in our idealized experiment. A relaxation time-scale constant of 30 days was used for the model temperature and salinity during the prognostic run. The total length of the baroclinic experiment (including initial prognostic smoothing and spin-up) was 550 days. Change of the total energy over the last 30 days was less than 1%, guaranteeing that simulated currents averaged over the last 7 days of the experiment at several cross-slope sections along the AW pathway were quasi-stationary. Data averaged over these 7 days were used in the analysis.
Structure of the BC
Vertical structure of the BC from observations
The vertical structure of AW inflow carried by WSC in Fram Strait has been derived using current observations averaged over 2002e2006 (Fig. 1a) . According to Gascard et al. (1995) , Fahrbach et al. (2001) , and Schauer et al. (2004 Schauer et al. ( , 2008 , this structure is mostly barotropic or equivalent-barotropic (see Killworth, 1992 for details), when the vertical distribution of current speed is vertically uniform, or the current speed decreases with depth due to enhanced friction within the near-bottom layer. Averaged multi-year (2002e2006) observations show that the maximal current speed at the section across Fram Strait was found at the F1 mooring which is the shallowest mooring and the closest to the Spitsbergen coast (Schauer et al., 2008) . The mean current speed within the AW layer at this mooring varied from w24 cm/s at 250 m to w22 cm/s at 50 m; 50 m is the shallowest available observational level at this site (Fig. 1a, black  arrows) . At F4, the westernmost mooring of this section, the current speed was significantly weaker compared with current speed at the F1 mooring; however, its vertical structure was also close to barotropic. The maximal current speed (w9 cm/s) was observed in the upper w250 m layer, decreasing to 6 cm/s at 750 m and with some increase with depth below 750 m (Fig. 1a, blue arrows) .
The mooring records from the area northeast of Svalbard (mooring M4) show a very different BC structure with a maximum velocity of w22 cm/s at an intermediate depth of w216 m (Fig. 1b) . The location of this maximum coincides with the AW core . At this mooring the maximum current was observed at a deeper level than in Fram Strait, but current intensity was comparable. The maximum speed observed in the AW core exceeds the speed of the upper ocean (w69 m) and bottom (w993 m) currents by 4 and 5 cm/s, respectively. The formation of the velocity maximum at an intermediate depth is evidence of the along-slope transformation of BC structure from mostly barotropic in Fram Strait to baroclinic jet over the Nansen Basin slope. The baroclinic velocity shear, calculated as the difference between the intermediatedepth maximum of currents and the current speed in the upper ocean layer, exceeds the level of SE of the mean current at the mooring (i.e., w0.1 cm/s), statistically confirming the robustness of the captured transformation of BC structure.
Mooring observations over the slopes of FranzJoseph Land (mooring M11) and the Laptev Sea (mooring M1) show that the BC preserves its baroclinic structure, though traces of erosion (disappearance) of the intermediate-depth current maximum become evident (Fig. 1c, d ). The eastward progression of AW flow along the slope segment from Svalbard (mooring M4) to the Franz-Joseph Land slope and further eastward to the central Laptev Sea slope is associated with deepening of the current maximum. For example, depth ranged from w217 m to w365 m (i.e., by w150 m) for the M1 mooring and ranged even wider (by w350 m) at the M11 mooring, weakening flow by more than four times, from 22 cm/s to 5 cm/s. Confirming the complex vertical structure of the BC, the high-resolution mean velocity profile at the M1 mooring exhibits an additional local maximum of w3.9 cm/s at a depth of 121 m.
Observation-derived baroclinic velocity shear at the M4 and M1 moorings agreed well with those derived from a geostrophic relationship (Fig. 4) . The geostrophic currents were calculated using CTD observations at two cross-slope sections at w30 E and 125 E in reference to the ocean surface, where zero geostrophic velocities are assumed. At M4 a mooring maximum of geostrophic currents was w4.7 cm/s, which agrees well with the baroclinic shear of w4 cm/s derived from instrumental current observations (Fig. 4a) . Geostrophic currents at the M1 mooring also show a good match with direct current-meter observations (Fig. 4b) . For example, the derived maximum of the geostrophic current at this mooring was 2.5 cm/s, which barely and insignificantly exceeds (comparable with the SE of the mean current) the vertical shear of current speed (w2 cm/s) registered using collected MMP observations. LADCP current observations along 125 E demonstrate that the maximum baroclinic current is associated with the AW core as identified by temperature observations (Fig. 2, bottom) . The maximum baroclinic currents (w9 cm/s) at the intermediate depth and the highest water temperature were observed at the KD0516/M1 station. The vertical profile of the baroclinic current speed in the core shows two local maximums. The first maximum with the strongest baroclinic current was found at w150 m depth, 70 m above the major AW temperature core at 220 m (Fig. 2,  bottom ). An additional local baroclinic current maximum was observed at w350 m depth coinciding with a secondary temperature maximum (w1.6 C). This strong agreement between the velocity-and temperature-defined cores of the AW provides confidence that the quasi-synoptical observations did indeed capture the mean structure of the baroclinic current (Fig. 1d) .
Further eastward, at the Lomonosov Ridge (mooring LM1), observations showed a barotropic flow with weak current (w5 cm/s) in the upper layer decreasing almost linearly to 3.4 cm/s at a depth of 1161 m (Fig. 1, panel d) . The lack of a velocity maximum at intermediate and deeper levels is evidence of AW BC baroclinic structure erosion; the beginning of this erosion was observed over the central part of the Laptev Sea slope.
The vertical structure of the BCdwith no evident baroclinic intermediate-depth velocity maximumdwas observed at the mooring M3 deployed over the eastern flank of the Lomonosov Ridge. The BC at this mooring showed equivalent-barotropic structure, under which the maximal current speed (w7 cm/s) was observed at the uppermost available observational level of 55 m. The current speed linearly decreases with depth to w3.5 cm/s at 856 m, replicating similar weakening of currents observed at the LM1 mooring (Fig. 1e, f) . A good match of current observations at the LM1 and M3 moorings, which were deployed very close in space but separated in time by ten years, indicates that the reemergence of the barotropic structure of the flow in this region is a persistent feature of the BC dynamics and is not subject to the interannual variability of general circulation that has been reported for the Canadian Basins by Morison et al. (2012) , for example.
We conclude that observational data demonstrate a transformation from the mostly barotropic structure of the BC observed in Fram Strait to a jet-like baroclinic structure over the Svalbard slope. The further propagation of the AW BC along the continental slope into the basin interior is accompanied by erosion of this baroclinic structure and reemergence of the barotropic structure at the junction of the Lomonosov Ridge.
Structure of the BC from model results
Barotropic experiment
The role of barotropic factors in shaping BC structure was investigated using barotropic model simulations. The simulated circulation in the barotropic experiment closely follows bottom topography with a shallow-toright direction. Topographically-controlled behavior of the BC is in accordance with previously reported results of numerical simulations and theoretical considerations (Pedlosky, 1982; Nøst and Isachsen, 2003; Walin et al., 2004; Schlichtholz, 2007; Aaboe and Nøst, 2008; Aaboe et al., 2009) . The model simulated splitting of the incoming through Fram Strait AW flow into two branches. One branch is located at a shelf break with a typical depth of w200 m; we will refer to it as the "shallow branch". Another branch which we will refer to as the "deep branch" forms over the slope at a typical depth of w1300 m and is separated from the shallow branch by w100 km (Fig. 5) . Taking into consideration the idealized topography used in our experiment we may arguably attribute this simulated deep branch to the Svalbard Branch of the WSC. The maximal speed of the simulated currents in the shallow branch is 24 cm/s, close to the speed of inflow current in Fram Strait specified in the model as a boundary condition. The current speed reaches w8.5 cm/s in the core of the deep branch and decreases gradually further toward the deeper basin. The vertical structure of the AW flow in both branches is close to uniform with an insignificant (less than 0.5 cm/s) decrease of current speed in the bottom boundary layer (Fig. 5) . The weak expression of the bottom boundary layer in the current structure may be due to coarse vertical resolution, especially for the deeper part of the domain.
The splitting of the AW inflow into two branches expressed by the two velocity maximums seen on the cross-slope sections coincides with an area of strong bottom topography changes off Svalbard where the isobaths diverge markedly (Fig. 3, black rectangle) . A strong topographically-driven transformation of the AW inflow in the vicinity of Svalbard, where the inflow splits into several branches and re-circulates, is confirmed by current observations and CTD surveys (Perkin and Lewis, 1984; Aagaard et al., 1987; Quadfasel et al., 1987; Aagaard, 1989; Manley et al., 1992; Gascard et al., 1995; Manley, 1995; Rudels et al., 2000; Schauer et al., 2004 Schauer et al., , 2008 . Results of high-resolution model simulations also confirm WSC branching in Fram Strait (Aksenov et al., 2010) . The effect of varying topography on the barotropic oceanic currents has been examined in numerous previous studies (e.g. Warren, 1963 Warren, , 1969 Potter and Rattray, 1964; Robinson and Niiler, 1967; Niiler and Robinson, 1967, and others) . All authors confirmed that topographical effects are important in determining the path of propagation, separation, and meandering of the BC. For example, Warren (1969) used a linear analytical model to demonstrate an eastward jet splitting of a barotropic flow as it travels over diverging isobaths on an f plane (f is the Coriolis parameter), similar to what we found in our experiments. Warren showed that the barotropic jet may split and follow the diverged isobaths, thus conserving potential vorticity.
In order to examine the role of BC splitting caused by divergence of isobaths in shaping the sea surface height, h, the cross-slope gradients of h at several sections along the AW pathway were analyzed (Fig. 6) . The analysis showed that the maximum currents in the deep branch coincide with the local minimums of the cross-slope h gradient (i.e. the along-slope velocity is maximal where h has an inflection, Fig. 6) . The model shows a rapid (w10% per 100 km) along-slope erosion of the h gradient minimums in the deep branch, so that at w300 km from Fram Strait the h gradient vanishes and, correspondingly, the maximum in the pattern of the along-slope current disappears. Distribution of h is a result of the joint impact of numerous factors (i.e. bottom topography, structure of the AW inflow, horizontal and vertical friction), and thus has a complicated structure. However, analysis of forces in the depth-integrated momentum equation shows that friction within the nearbottom Ekman layer may have primary importance for the along-slope decrease of current speed, which is evident in the simulated deep BC branch (Fig. 5) . For example, bottom stress contributes up to w15% of the net along-slope acceleration, in comparison with the Coriolis force, which is the major factor responsible for maintaining geostrophic balance (Table 1) .
Baroclinic experiment
Experiments with varying baroclinic forcing demonstrate that the two branches of the BC simulated in the barotropic case experienced further transformation caused by baroclinic forces as shown at several cross-slope sections along the AW pathway (Fig. 7) . In contrast to the barotropic experiment, the shallow branch is shifted to a deeper part of the domain and retains its maximum speed of w24 cm/s. There is a weak transformation of the vertical structure of the shallow branch compared to the barotropic case, with a small (w0.5 cm/s) increase of current speed at an intermediate (w100 to 150 m) level.
The transformation of the simulated deep branch of AW flow by baroclinic forces was substantial. An isolated current maximum at an intermediate depth (w250 to 600 m) was formed (Fig. 7) . This is a typical feature of current structure resulting from a baroclinic balance of forces. Actually, there are two current maximums in the w250 to 600 m layer, but the difference between the two speeds is negligible and they are indistinguishable in Fig. 7 . The current speed increases from the surface down to w250 m; it remains close to its maximum down to a level of w600 m, then gradually decreases to w4 cm/s in the bottom boundary layer. The maximum current speed decreases slowly along the Eurasian Basin slope, from w9.5 cm/s at a distance of 165 km from Fram Strait to w7.5 cm/s at a distance of 1320 km.
In order to estimate the total AW transport associated with each branch we determined the boundaries of the branches as follows. The shallow branch spans the area from the southern model boundary to a distance of w60 km where the current speed decreases to w12 cm/s (50% of the core current velocity). The southern border of the deep branch lies at a distance of w80 km from the southern model boundary where the current speed has a minimal value, whereas the northern border of the deep branch was chosen at w130 km from the shelf slope where the current speed has decreased to 50% of the value in the core. The vertical boundaries of the branches are taken at the surface and at the bottom. With this definition, the mean water transport in the deep branch reaches w4.5 Sv (Sv ¼ 10 6 m 3 /s); that is w1.7 times stronger than the shallow branch transport of w2.7 Sv. This ratio holds when the branch width definitions change; for example, it varies by only w20% when threshold current speed is changed by 35%e70%. In addition to along-slope weakening of the simulated baroclinic currents in the deep BC branch (Fig. 7) , the model demonstrates gradual horizontal expansion of the area of intensive currents in the shallow BC branch, so that a border of strong (>20 cm/s) currents is shifted toward the deep ocean by w20 km while the BC propagates from 165 to 1320 km away from Fram Strait. This expansion is accompanied by an increase of total barotropic transport associated within this branch from w2.5 to w3.4 Sv. This finding is in a good agreement with conclusions of Walin et al. (2004) , who suggested gradual shift of water transport from baroclinic to barotropic BC branch with along-slope propagation.
As expected (e.g. Nøst and Isachsen, 2003; Walin et al., 2004; Schlichtholz, 2007; Aaboe and Nøst, 2008; Aaboe et al., 2009) , the geostrophic balance dominates the balance of forces for the along-slope component of the deep simulated BC branch. This balance is determined by the cross-slope gradient of the total pressure and the Coriolis force (Fig. 8) . Pressure gradients are dominated by h gradients, which contribute up to 70% of the deep branch variability (compared to 30% caused by the density-induced part of the pressure gradients). The contribution of other factors, like nonlinear terms or vertical and horizontal mixing, was negligible.
The impact of density gradients on the deep-branch along-slope current is not vertically uniform and may be seen in Fig. 8 as a difference between acceleration due to the total pressure gradient Py (black line) and that due to the sea-level gradient Zy (red line). As it follows from the geostrophic relationship, a decrease of the cross-slope pressure gradient leads to an increase in the speed of the along-slope current component. Pressure gradients become stronger due to density in the w250 to 600 m layer, which matches the layer of maximal simulated current. The effect of sea-level gradients is partially compensated by density gradients in the layer below w600 m, so the simulated current decreases with depth.
It can be deduced from the geostrophic relationship that the maximum speed at an intermediate depth typical of the jet-like vertical structure of AW flow is reached when the cross-slope density gradients above and below this depth have opposite signs. This finding is in accordance with the theory which suggests that the increase in geostrophic velocity with depth may be determined by the horizontal density gradient (Pedlosky, 1982) . The density distribution in the deep branch derived from the simulated temperature and salinity did indeed show that the depth at which the cross-slope density gradient changes sign (black line in Fig. 9, top) is associated with the depth of the along-slope current maximum (red lines in Fig. 9 ). The existence of a depth level with zero density gradient is confirmed by the climatological distribution of the density gradient near Svalbard derived from the Environmental Working Group (1997) climatology (Fig. 9, bottom) . We note, however, that the model generates a more complex density structure with several depth levels where the density gradients change signs, resulting in several velocity maximums. They differ insignificantly, however, so that in Fig. 9 they look like a single jet-like core.
Even in the baroclinic experiment, the simulated BC is generally governed by barotropic factors. For example, the distribution of the simulated sea-surface elevation generally reflects the shape of bottom relief, indicating topographically-controlled behavior of the BC (Fig. 10) . Deviations of isolines of the seasurface elevation from f/H (where H is the bottom depth) contours occurs in areas of strong joint effect of baroclinicity and relief (JEBAR; Sarkisyan and Ivanov, 1971) , which follows from conservation of potential vorticity. However, baroclinicity may play an important role in determining, for instance, cross-slope water transport between simulated deep and shallow BC branches. Earlier Schlichtholz (2007) and Aaboe and Nøst (2008) suggested that along-isobath density gradients are dynamically important for the BC, as they determine the vertical shear of the cross-isobath component of the geostrophic flow and act as a driving agent for barotropic flow. Our numerical simulations show that the role of the along-isobath bottom density gradient in controlling BC dynamics may be not as important. For example, the results of the baroclinic experiment here show that the cross-slope water transport in the deep BC branch (Fig. 11, top) , derived as an integral of the simulated cross-slope current velocities (v) over the entire water column, has stronger correlation with depth-averaged density gradients (Fig. 11 , red line at the bottom panel). The correlation of depth-integrated water transport at the southern border of the deep BC branch with the depth-integrated along-slope density gradient is 0.82; it becomes as lower as 0.6 for the near-bottom density gradient. The stronger correlation of the depth-averaged cross-isobath water transport with depth-integrated along-slope density gradient, compared to correlation with the simulated near-bottom density gradients, is insensitive to a choice of borders of the BC branches, remaining at w0.2 to 0.3 higher.
We also note that temperature and salinity restoring used in the model does not have strong impact on behavior of the simulated BC. For example, the restoring term integrated over the deep BC branch in the heat balance equation constitutes only w25% of the term, describing the horizontal advection of heat (Table 2) .
Discussion and general conclusions
Along-slope mooring-based observations showed a substantial transformation of the Arctic Ocean BC, from mainly barotropic in Fram Strait, to jet-like baroclinic flow with an intermediate-depth maximum in the AW core along the Nansen Basin slope, to a return to the original barotropic structure further eastward, at the junction of the Lomonosov Ridge and slope. Our modeling results, which captured this transformation well, suggest that the along-slope modification of the BC is controlled by the slope of isopycnal surfaces with opposite cross-slope density gradient signs above and below the velocity maximum (Fig. 12) . Observations show that the current weakens by more than four times as it progresses along the slope, from w24 cm/s in Fram Strait to w5 cm/s at the Lomonosov Ridge. Weakening of the baroclinic component of the BC in the course of eastward BC propagation (Figs. 1 and 7) can be explained by a sequential decrease of density contrast between the AW and the ambient waters. We speculate that this decrease may also be due to horizontal exchange, so that BC weakening should be intensified in areas of strong shelfebasin interaction (for example, on the slope of Severnaya Zemlya (Ivanov and Golovin, 2007; Walsh et al., 2007) or north of the Kara Sea, where the Barents Sea branch of AW flow converges with the Fram branch (Schauer et al., 2002) . Good agreement between geostrophic (density-driven) and observed mooring-based current speed over a large segment of trajectory of the BC propagation within the EB interior supports our conclusion that the transformation of the BC shape is driven by changes of along-flow buoyancy gradients. The simulated weakening of currents in the deep branch of the BC (w2 cm/s per 1000 km, Fig. 7) is not as strong as determined from observations (Fig. 1) , probably due to stronger horizontal exchange with ambient waters than was included in the model. Another reason is that the climatological temperature and salinity used in our simulations have coarse spatial resolution and are not perfect in representing cross-slope density gradients. Another possible mechanism by which barotropic BC transport is weakened and transformed to baroclinic transport is proposed by Aaboe and Nøst (2008) and is based on the governing role of the along-slope gradients of bottom density.
We should note that, despite the results presented here and previous observational and modeling efforts, our knowledge of BC spatial structure remains very limited. The baroclinic structure of the BC northeast of Svalbard is confirmed by observations at three levels only; thus our representation of this structure lacks important specific features (like an additional current speed maximum), which have been found, for example, with high-resolution observations at the M1 mooring. Quasi-synoptical LADCP-based measurements of the BC are subject to high-frequency noise as discussed above. At the same time, observations presented here complemented by modeling results clearly demonstrate the existence of the current speed maximum at intermediate levels. We conclude that the baroclinic structure of the BC is evident along an extensive segment of the AW pathway from the north slope of Svalbard to the northeastern part of the Laptev Sea.
Our idealized model suggests that, in addition to the deep branch, the BC has one shallower branch. This shallow branch is located at a shelf break with a typical depth of w200 m and current speed of w24 cm/s in the core. The existence of the shallow AW branch in Fram Strait was confirmed by the results of numerical experiments with a high-resolution model, which demonstrated a very complex WSC structure in the vicinity of Svalbard (Aksenov et al., 2010 ) and a dual- core structure of the AW flow along the EB shelf. However, the physical mechanisms, which are responsible for the generation of the shelf BC branch, are different. Aksenov et al. (2010 Aksenov et al. ( , 2011 suggested that an influx of potential vorticity through the St. Anna Trough is the major driver of the generation of the shelf BC branch. The splitting of two branches of AW inflow in our simulations is controlled by conservation of the potential vorticity of the barotropic flow and is governed by a strong divergence of topography which occurs northeast of Svalbard (Fig. 1 , black rectangle). In contrast to the deep branch, the shallow branch is mostly barotropic all the way along the Eurasian slope. Even though the simulated shallow branch water transport is weaker than that of the deep branch by w70%, it still constitutes a substantial water transport which should be taken into account when evaluating AW inflow into the Polar Basin interior. In contrast to Walin et al. (2004) , who also found splitting of the BC for two branches in their idealized model of the Nordic Seas and the Arctic Ocean, the mechanism of this splitting found in our simulations is different. Instead of water transport redistribution between the baroclinic deep branch and barotropic shelf branch due to loss of buoyancy by the BC along its pathway (see Walin et al., 2004 for details), our barotropic experiment demonstrates the leading role of topography in this splitting. Nevertheless, our model simulations show that the deep core of the BC in the barotropic experiment vanishes more rapidly in comparison with baroclinic case, so that the two-core structure of the BC cannot be identified at w660 km away from Fram Strait (Fig. 4) . Thus, we speculate that baroclinic forcing incorporated via climatological temperature and salinity distributions enhances the strength of the BC and, probably, plays a crucial role in maintaining of the two-core structure of the BC along the continental slope. However, we should note, that the properties of both these branches should be verified using future observations. LADCP observations across the Laptev Sea slope showed that the maximum baroclinic currents corresponds closely to the AW temperature core, suggesting that cross-slope temperature observations may be used to identify the BC position in the Eurasian Basin. We understand that the idealized topography which is used in the model experiments may lead to the absence of some interesting and important features (like topographic eddies and local meandering) in the structure of the Arctic Ocean BC. However, we think that the results of our simulations suit the purposes of this study by successfully reproducing important properties of the BC structure.
Knowledge of the pan-Arctic BC structure is vital for understanding rapid climate changes and the speed with which these changes may propagate into the Arctic Ocean interior. However, our knowledge about the structure of the BC and its branches in the Eurasian Basin is still sketchy. For example, we still have no direct observational confirmation of the existence of the shallow BC branch in the Eurasian Basin of the Arctic Ocean. There is also a lack of observational information about along-slope heat and water transports. Thus, carefully-orchestrated large-scale sustained observations are critically important for further improving our understanding of BC structure and for assessing the ocean's role in shaping the processes that occur in the high-latitude regions.
